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Introduction {#sec001}
============

Predatory phytoseiid mites (Acari: Phytoseiidae) are an economically important group of mites that prey on other mites and small arthropods. Several phytoseiid mites are widely and extensively used for agricultural biocontrol of pest mites and several insect species, as an alternative to chemical pesticides \[[@pone.0223929.ref001]\]. For example, *Neoseiulus californicus* (McGregor) and *Phytoseiulus persimilis* Athias-Henriot, as well as several other species, are currently available as commercial products for use in managing spider mite populations in greenhouses and open fields \[[@pone.0223929.ref002]--[@pone.0223929.ref005]\].

Delivery of xenobiotics to predatory mites is becoming an important research target because it can aid in evaluating selective pesticides that do not affect beneficial mites and in testing of new and promising genetic-based pest management technologies such as RNA interference (RNAi)--mediated gene silencing. Recent progress in RNAi technologies paves the way for sophisticated functional genomic studies of many organisms and has the potential to be used as a novel measure for pest control \[[@pone.0223929.ref006]--[@pone.0223929.ref008]\]. Although RNAi is specific to the target gene sequence, its application for pest control requires preliminary investigation to avoid off-target effects on non-target organisms.

To date, few methods have been developed for oral delivery of test compounds to phytoseiid mites. As part of a functional genomic study, double-stranded RNA (dsRNA) that triggers RNAi was delivered to the phytoseiid mite *Metaseiulus occidentalis* by allowing mites to feed on a solution droplet (10 μL) containing dsRNA on a Parafilm membrane \[[@pone.0223929.ref009]\]. However, the method has some drawbacks, such as evaporative loss of the dsRNA solution and mite escape from the membrane. Ozawa et al. (2012) allowed *P*. *persimilis* to feed on a relatively large volume (500 μL) of dsRNA solution delivered via a saturated piece of cotton (≈1 cm diameter) \[[@pone.0223929.ref010]\]. Ideally, an effective method for oral delivery of test compounds to mites should minimize mite escape, evaporative loss, and the volume of test solution required.

The predatory mite *N*. *californicus* and *P*. *persimilis* have two distinct lifestyles and feeding habits; the former is a generalist and the latter is an extreme specialist \[[@pone.0223929.ref002], [@pone.0223929.ref011]\]. *Neoseiulus californicus* consumes a wide range of prey, including, in addition to spider mites, other pest mite species, small insects, and pollen \[[@pone.0223929.ref012]\]. *Phytoseiulus persimilis* is a specialist predator of spider mites of the genus *Tetranychus* \[[@pone.0223929.ref013], [@pone.0223929.ref014]\]. Therefore, developing a protocol that facilitates the efficient delivery of a test solution to these two distinct species could aid in studying various aspects of mite biology, such as liquid-based artificial diets and prey--predator interactions.

In this study, we tested four methods for oral delivery of small molecules in solutions to the generalist mite *N*. *californicus*: (i) soaking in the solution, or feeding on (ii) spider mites soaked in the solution, (iii) a solution droplet, or (iv) a solution-saturated filter paper. We also evaluated solution droplet as the most efficient delivery method for use with the specialist *P*. *persimilis* to determine its wider applicability among other phytoseiid mites.

Materials and methods {#sec002}
=====================

Mites {#sec003}
-----

Commercial populations of *N*. *californicus* and *P*. *persimilis* were obtained from Sumika Technoservice (Takarazuka, Japan) and Koppert Biological Systems (Berkel en Rodenrijs, The Netherlands), respectively, in 2017. Both populations were maintained in the laboratory (25°C, 50% RH, LD 16:8) on detached kidney bean leaves (*Phaseolus vulgaris* L.) infested with the two-spotted spider mite (*Tetranychus urticae* Koch) as their prey. An air pump-based system \[[@pone.0223929.ref015]\] was used to collect mites for experiments. All experiments were conducted at 25°C, 50% RH and LD 16:8.

Age synchronization of adult females {#sec004}
------------------------------------

The age of the adult females used in the following experiments was synchronized by collecting egg-laying females from the laboratory colonies, allowing them to lay eggs for 24 h, then removing the females and allowing the eggs to hatch and rearing the young until 2 to 3 days after reaching adulthood.

Detection of solution uptake {#sec005}
----------------------------

A solution of 10% (w/v) Brilliant Blue FCF dye (BB; Wako Pure Chemical, Osaka, Japan) in water was used to evaluate the uptake of the solutions by mites. The distribution of blue color in the alimentary canal was observed using each tested method.

Delivery methods {#sec006}
----------------

### Soaking {#sec007}

Age-synchronized *N*. *californicus* females were starved in an empty polypropylene tube (1.5 mL) for 24 h. Non-starved females were used as a control. A soaking solution of 10% (w/v) BB in water (20 μL) was prepared in a 0.5-mL polypropylene tube ([Fig 1](#pone.0223929.g001){ref-type="fig"}). The starved or non-starved females were released onto a bean leaf disc and a known number of adult females were picked up and immediately transferred to the soaking tubes (20 females per tube/each), where they were allowed to soak for 1, 2, or 3 h. After each soaking trial, all the females were removed from the tubes with a fine brush (Interlon 1026-3/0, Maruzen Artist Materials & Works, Tokyo, Japan). Surviving females were collected from the inner wall of the tube and from the solution, and counted; fatalities were counted also. The number of surviving females in which the alimentary canal was colored with BB was counted. The method was not applied to immature stages of *N*. *californicus* due to the difficulty of soaking such small individuals.

![Schematic overview for *N*. *californicus* soaking.](pone.0223929.g001){#pone.0223929.g001}

### Feeding on soaked spider mites {#sec008}

A previously published protocol for soaking adult *T*. *urticae* females \[[@pone.0223929.ref015]\] was used with a slight modification. Briefly, adult *T*. *urticae* females of random ages were collected in a 0.5-mL tube (20 females per tube) and soaked in a 20 μL solution of 10% (w/v) BB and 0.1% (v/v) Tween 20 in water for 24 h. Simultaneously, age-synchronized females of *N*. *californicus* were starved in a 1.5-mL tube for 24 h. Non-starved females were used as a control. Soaked *T*. *urticae* females were retrieved from the solution and transferred to a new 0.5-mL tube. Starved or non-starved *N*. *californicus* females were transferred to the 0.5-mL tube and allowed to feed on the soaked *T*. *urticae* females for 24 h (\~ 3 soaked TSSM adults/ 1 predator individual). The same procedure was applied for *N*. *californicus* protonymphs and deutonymphs, but without the starvation step. For both the adult and immature stages, the numbers of survivors and fatalities were counted after 24 h of feeding on the soaked *T*. *urticae*. The number of surviving mites in which the alimentary canal was colored with BB was also counted.

### Droplet feeding {#sec009}

Age-synchronized females of *N*. *californicus* were starved in a 1.5-mL tube for 0, 4, 8, 16, or 24 h. After each starvation period, 10 females were transferred to a 0.5-mL tube containing a single droplet (1 μL) of 10% (w/v) BB on the inner surface of the cap; mites were kept in the tube for 24 h ([Fig 2](#pone.0223929.g002){ref-type="fig"}). The same procedure was applied for immature stages, but without the starvation step, except deutonymphs, which required a starvation period to increase solution uptake. Due to the short developmental time of the immature stages at 25°C, all larvae and some nymphs reached the subsequent developmental stage within the 24 h of the test. For both adult and immature stages, numbers of survivors and fatalities were counted after 24 h of feeding. The numbers of mites in which the alimentary canal was colored with BB were also counted. The efficiency of the droplet feeding method was farther assessed in a large number of *N*. *californicus* females (*n* = 100 mites per 1 μL droplet in a 0.5-mL tube, 3 replicates). Because the droplet method was most effective for adult *N*. *californicus* (see the [Results](#sec012){ref-type="sec"}), we tested this method for use with the specialist predatory mite *P*. *persimilis* using 3-day-old adult females starved for 24 h and then allowed to feed on a droplet for 24 h (20 females per tube, 3 replicates).

![Schematic overview for *N*. *californicus* droplet-feeding.\
\* For immatures droplet-feeding, a starvation period of 24 h was needed to enhance liquid uptake by duetonymphal stage.](pone.0223929.g002){#pone.0223929.g002}

### Feeding on saturated filter paper {#sec010}

Because only adult but no larval feeding was observed using the droplet method (see the [Results](#sec012){ref-type="sec"}), we tested an alternate larval feeding method. Larvae were confined in 0.5-mL tubes containing a piece of filter paper (2 × 10 mm) saturated with 10% (w/v) BB (8 μL) instead of the droplet (ca. 20 larvae per tube). Feeding observations were carried out after 3 h.

Statistical analysis {#sec011}
--------------------

Data were analyzed using Fisher's exact test or a chi-squared test depending on sample size. For multiple comparisons, a significance level (α) of 0.05 was corrected using the Bonferroni correction. Analysis was performed using the 'fifer' library \[[@pone.0223929.ref016]\] in the statistical software R 3.4.0 \[[@pone.0223929.ref017]\]. Python-based plotting with Matplotlib \[[@pone.0223929.ref018]\] was used for graphical representations. Data represent mean ± SEM.

Results {#sec012}
=======

The alimentary canals of Adult *N*. *californicus* females without any tracer dye application and starved for 0, 24 h or starved for 24 h plus 24 h with only access to water are shown in [Fig 3](#pone.0223929.g003){ref-type="fig"}.

![The alimentary canal of *Neoseiulus californicus* adult females without any BB FCF application.\
(a) non-starved female, (b) female starved for 24 h, and (c) female starved for 24 h followed by 24 h with access to only water. Scale bar: 100 μm.](pone.0223929.g003){#pone.0223929.g003}

Soaking {#sec013}
-------

Adult *N*. *californicus* females soaked for 2 or 3 h without starvation showed 4% and 10% mortality, respectively, whereas soaking duration had no significant effect on survival of mites starved for 24 h ([Fig 4a](#pone.0223929.g004){ref-type="fig"}). The alimentary canal of all starved mites was colored by BB ingested from the soaking solution ([Fig 4b](#pone.0223929.g004){ref-type="fig"}) and the proportion was significantly higher than that of non-starved mites soaked for 1 or 2 h (χ^2^ = 60.012, *df* = 5, *P* \< 0.0001). In non-starved mites, the color of the alimentary canal was greenish, due to mixing of the dye with food material remaining in the alimentary canal. The number of mites collected from the soaking solution was highest with no prior starvation and a soaking duration \> 1 h (χ^2^ = 67.495, *df* = 5, *P* \< 0.0001).

![Soaking treatment with and without prior starvation.\
(a) Proportions of surviving female *Neoseiulus californicus* adults, mites with colored caeca, and mites found in the soaking solution. (b) Blue coloring of non-starved and starved adult females that ingested the solution. Different letters indicate significant differences in the proportion of colored mites. \* Significant differences in the proportion of mites found in the soaking solution. *n* = 60 individuals per treatment (20 individuals per replicate, 3 replicates). Chi-squared test with Bonferroni correction. Scale bar: 100 μm.](pone.0223929.g004){#pone.0223929.g004}

Feeding on soaked spider mites {#sec014}
------------------------------

No mortality was observed in adult females of *N*. *californicus* after 24 h feeding on soaked adult females of *T*. *urticae*, regardless of prior starvation (*P* \> 0.05, Fisher's exact test) ([Fig 5a](#pone.0223929.g005){ref-type="fig"}). *Neoseiulus californicus* females with an alimentary canal colored by ingesting tracer dye are shown in [Fig 5b](#pone.0223929.g005){ref-type="fig"}. Under both treatments, *N*. *californicus* females laid several eggs during the 24 h of feeding on soaked *T*. *urticae*. Similarly, *N*. *californicus* protonymphs and deutonymphs showed 100% survival and 92% and 97% coloration of the alimentary canal, respectively, after 24 h feeding on soaked *T*. *urticae* ([Fig 6a and 6b](#pone.0223929.g006){ref-type="fig"}). In addition, 50--60% of immature individuals molted to the next developmental stage (i.e., protonymphs became deutonymphs and deutonymphs became adults) after 24 h feeding on soaked *T*. *urticae* ([Fig 6a](#pone.0223929.g006){ref-type="fig"}).

![Feeding *Neoseiulus californicus* adults on soaked *Tetranychus urticae* (TSSM).\
(a) Proportions of surviving and colored female *N*. *californicus* adults after feeding on soaked *T*. *urticae* for 24 h. (b) Blue coloring of soaked *T*. *urticae*, and of starved and non-starved adults fed the soaked *T*. *urticae*. *n* = 60 individuals per treatment (20 individuals per replicate, 3 replicates). *P* \> 0.05, Fisher's exact test. Scale bar: 100 μm.](pone.0223929.g005){#pone.0223929.g005}

![Feeding *Neoseiulus californicus* immature stages on soaked spider mites.\
(a) Proportions of surviving and colored protonymphs and deutonymphs of *N*. *californicus*, and proportion that molted to the next developmental stage. (b) Blue coloring of soaked *Tetranychus urticae*, and of protonymphs and deutonymphs after feeding on soaked prey mites. No prior starvation. *n* = 60 individuals per treatment (20 individual per replicate, 3 replicates). *P* \> 0.05, Fisher's exact test or chi-squared test with Bonferroni correction. Scale bar: 100 μm.](pone.0223929.g006){#pone.0223929.g006}

Droplet feeding {#sec015}
---------------

No mortality was observed in adult females of *N*. *californicus* after 24 h feeding on droplets on the inner surface of the tube cap, regardless of prior starvation (0 to 24 h) ([Fig 7a](#pone.0223929.g007){ref-type="fig"}). However, only 20% of non-starved females showed blue coloration of the alimentary canal ([Fig 7b](#pone.0223929.g007){ref-type="fig"}), compared to 93--97% of females starved for 4 to 24 h (*P* \< 0.0001, Fisher's exact test). The supplemental video ([S1 Video](#pone.0223929.s001){ref-type="supplementary-material"}) shows adult *N*. *californicus* females feeding on the droplet.

![Droplet-fed female *Neoseiulus californicus* adults.\
(a) Proportions of surviving and colored mites after starvation for 0, 4, 8, 16, or 24 h. (b) Blue coloring of adult female. *n* = 30 mites per treatment (10 mites per replicate, 3 replicates). \**P* \< 0.005, Fisher's exact test with Bonferroni correction. Scale bar: 100 μm.](pone.0223929.g007){#pone.0223929.g007}

In an experiment assessing the efficiency of oral delivery in a larger number of adult females with the droplet feeding method, a 24 h starved adult females (100 mites per replicate, 3 replicates) were confined for 24 h in a tube containing a single droplet (1 μL) of 10% (w/v) BB on the inner surface of the cap. After 24 h of feeding, 93 ± 0.6% of females showed blue coloration of the alimentary canal ([S1 Fig](#pone.0223929.s003){ref-type="supplementary-material"}). The supplemental video ([S2 Video](#pone.0223929.s002){ref-type="supplementary-material"}) shows a 100 adult *N*. *californicus* females inside a 0.5-mL tube 1 h after the start of droplet-feeding experiment where the blue alimentary canal is visible in the majority of the females.

No mortality was observed in immature mites fed on droplets for 24 h ([Fig 8a](#pone.0223929.g008){ref-type="fig"}). All larvae reached the protonymphal stage and 100% of emerged protonymphs showed blue coloration of the alimentary canal after 24 h of droplet feeding ([Fig 8b](#pone.0223929.g008){ref-type="fig"}). No blue coloration was observed in larvae even when the droplet feeding duration was 6 h, and no larvae reached the protonymphal stage within this time. Nearly 94% of protonymphs showed blue coloration of the alimentary canal ([Fig 8b](#pone.0223929.g008){ref-type="fig"}) but no individuals reached the deutonymphal stage under this condition. About half of deutonymphs showed blue coloration of the alimentary canal ([Fig 8b](#pone.0223929.g008){ref-type="fig"}) and approximately 15% of deutonymphs reached the adult stage after 24 h of droplet feeding. When deutonymphs were starved for 24 h prior to feeding, all reached the adult stage and 90% showed blue coloration of the alimentary canal after 24 h of droplet feeding.

![Droplet-fed immature stages of *Neoseiulus californicus*.\
(a) Proportions of surviving and colored mites, and (b) blue coloring of a protonymph and a deutonymph. *n* = 30 mites per treatment (10 mites per replicate, 3 replicates). Different capital letters indicate significant differences in the proportion of colored mites. Different lowercase letters indicate significant differences in the proportion of mites molted to the following developmental life stage. *P* \< 0.05, Fisher's exact test with Bonferroni correction. Scale bar: 100 μm.](pone.0223929.g008){#pone.0223929.g008}

Because droplet feeding was most efficient for oral delivery of BB and required least handling, we also tested this method with the specialist predatory mite, *P*. *persimilis*. An average of 81 ± 4.4% of mites (20 individuals per replicate, 3 replicates) showed blue coloration of the alimentary canal after 24 h of droplet feeding ([Fig 9](#pone.0223929.g009){ref-type="fig"}).

![Droplet-fed female *Phytoseiulus persimilis* adults.\
Adult female of *P*. *persimilis* after feeding on solution dyed with blue tracer dye (brilliant blue FCF) using the droplet-fed method. Blue color is visible in the adult female gastric caeca. Scale bar: 100 μm.](pone.0223929.g009){#pone.0223929.g009}

Feeding on saturated filter paper {#sec016}
---------------------------------

Although no larvae fed from BB droplets, an average of 71.7 ± 6.0% of larvae showed blue coloration of the alimentary canal after confinement with 10% (w/v) BB-infiltrated filter paper for 3 h (20 individuals per replicate, 3 replicates) ([Fig 10](#pone.0223929.g010){ref-type="fig"}).

![Feeding larva on solution saturated filter paper.\
Larva of *Neoseiulus californicus* after feeding on filter paper saturated with 10% (w/v) blue tracer dye (brilliant blue FCF). Scale bar: 100 μm.](pone.0223929.g010){#pone.0223929.g010}

A general overview of the methods tested for delivering liquid compounds to *N*. *californicus* in the current study is presented in [Table 1](#pone.0223929.t001){ref-type="table"}.

10.1371/journal.pone.0223929.t001

###### An overview of the methods tested for delivering liquid compounds to *Neoseiulus californicus*.

![](pone.0223929.t001){#pone.0223929.t001g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Delivery method                              Stage                                            Vol. μL/ individual                          Treatment time \[h\]   Handling                                          \% Colored mites      \% Mortality
  -------------------------------------------- ------------------------------------------------ -------------------------------------------- ---------------------- ------------------------------------------------- --------------------- ---------------------------
  Soaking                                      adults                                           1                                            1--3                   difficult                                         un-starved: 70--90\   4--10 in un-starved mites
                                                                                                                                                                                                                      starved: 100          

  Feeding soaked *T*. *urticae*                adults                                           3 [^a^](#t001fn001){ref-type="table-fn"}     24                     difficult                                         100                   0

  nymphs                                       92--97                                                                                                                                                                                       

  Droplet-feeding                              adults                                           0.01--0.1                                    24                     easy                                              un-starved: 20\       0
                                                                                                                                                                                                                      Starved: 93--07       

  deutonymphs                                  un-starved: 50\                                                                                                                                                                              
                                               starved: 90                                                                                                                                                                                  

  protonymphs                                  94                                                                                                                                                                                           

  larvae                                       all molted to protonymphs with 100% coloration                                                                                                                                               

  Feeding on solution saturated filter paper   larvae                                           0.4 [^b^](#t001fn002){ref-type="table-fn"}   3                      moderate [^c^](#t001fn003){ref-type="table-fn"}   72                    0
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^ 1 μL is required for *T*. *urticae* female but \~3 soaked female will be needed to feed *N*. *californicus* for ca. 24 h.

^b^ It may be possible to increase the numbers of larvae.

^c^ According to our result, this is the only way to deliver a liquid solution to larvae. It is also possible to use the same method for adults and nymphs delivery but we found that the droplet method is easier to conduct.

Discussion {#sec017}
==========

Delivery of liquid substances to phytoseiid mites is relevant for bioassays for pesticide sensitivity, RNAi-based reverse genetics, and commercial production. In this study, we examined the efficiency of four methods for delivery of aqueous solutions to different life stages of the predatory mite *N*. *californicus*. After we determined the most efficient method, we also tested its applicability to the specialist predatory mite *P*. *persimilis*. With all methods tested, an aqueous solution of 10% (w/v) BB was delivered to the caeca of *N*. *californicus*, and the proportion of mites with colored caeca increased when they were starved prior to the feeding experiments.

Feeding by droplet was most efficient, since it only required a small volume of test solution (100 mites/μL), handling required for experimental set-up was simple, and a high proportion of mites showed colored alimentary canals ([Fig 7](#pone.0223929.g007){ref-type="fig"}, [Table 1](#pone.0223929.t001){ref-type="table"}). In previous studies, dsRNA was orally delivered to the phytoseiid mite *M*. *occidentalis* by releasing mites starved for 24 h onto a Parafilm disc (22 mm in diameter) containing a 10-μL droplet of solution \[[@pone.0223929.ref009]\]. Although Wu and Hoy \[[@pone.0223929.ref009]\] did not report the proportion of mites to which the solution was successfully delivered, they reported that \~10% of mites escaped and some solution evaporated shortly after the beginning of the experiment. Ozawa et al. \[[@pone.0223929.ref010]\] reported that dsRNA was orally delivered to unreported numbers of *P*. *persimilis* by mites fed via a piece of cotton (1 cm in diameter) saturated with 500 μL of solution placed in a plastic cup (10 cm in diameter). Although the above-mentioned methods were successfully applied for oral delivery of dsRNA and subsequent RNAi-mediated silencing of targeted genes, the droplet feeding method developed in the current study has the potential to be used in high-throughput RNAi screening because of its high efficiency; only 1 μL of test solution is needed for oral delivery to 100 mites in a 0.5-mL closed system that prevents mite escape and evaporation of solution.

Although the droplet feeding method is effective for delivery of a liquid solution to nymphal stages of *N*. *californicus*, it could not be used for larvae. Larvae of *N*. *californicus* are facultative feeders, meaning that they can molt into protonymphs without prior feeding \[[@pone.0223929.ref019]\]. This may also indicate a lower dispersal tendency in larvae compared to other developmental stages, and the chance of larvae finding the droplet is consequently lower. For this reason, a solution-saturated filter paper was used instead and successfully enabled delivery to larvae.

Some mortality (≈10%) was observed in non-starved *N*. *californicus* after soaking for ≥2 h, and the proportions of colored mites were approximately 70% and 90% when soaked for 1--2 and 3 h, respectively ([Fig 4](#pone.0223929.g004){ref-type="fig"}). Mites that were starved prior to soaking showed no mortality or reduction in the proportion of colored mites. We suppose that non-starved mites are heavier than starved ones, making it difficult for the former to exit the soaking solution; the starvation period seemed to have an advantage for delivery of the soaking solution.

Feeding of *N*. *californicus* on soaked *T*. *urticae* was effective for solution delivery, even without prior starvation, and mites showed a caecum colored a dense blue after this treatment (Figs [5](#pone.0223929.g005){ref-type="fig"} and [6](#pone.0223929.g006){ref-type="fig"}). However, both the predator soaking and feeding on soaked *T*. *urticae* methods have drawbacks: handling of mites of either species is difficult, particularly during soaking, and both methods require a large volume of test solution.

We tested four methods for oral delivery of a liquid substance to the predatory mite *N*. *californicus*. Feeding on a solution droplet was most efficient, owing to the simple protocol and small volume of solution required (1 μL of solution for 100 mites), compared to predator soaking or feeding on soaked *T*. *urticae*. This method was also effective for delivery to the specialist *P*. *persimilis* ([Fig 9](#pone.0223929.g009){ref-type="fig"}), indicating that it may be widely applicable to a variety of phytoseiid species. Feeding on solution droplets could be useful for bioassays for RNAi-based reverse genetics and pesticides in predatory mites and may be improved or modified to facilitate the oral delivery of liquid artificial diets for their mass production.

Supporting information {#sec018}
======================

###### A video shows droplet-fed by female *Neoseiulus californicus* adults.

Adult female *N*. *californicus* feeding on a 1-μL droplet of 10% (w/v) blue tracer dye (brilliant blue FCF) on the inner surface of a 0.5-mL polypropylene tube. Normal speed (30 fps).

(MP4)

###### 

Click here for additional data file.

###### A video shows droplet-fed by 100 females *Neoseiulus californicus* adults.

Adult females of *N*. *californicus* feeding on a 1-μL droplet of 10% (w/v) blue tracer dye (brilliant blue FCF) on the inner surface of a 0.5-mL polypropylene tube. The video is taken 1 h after the start of the experiment. The speed is accelerated (2x).

(MP4)

###### 

Click here for additional data file.

###### Droplet-fed delivery to a large number of female *Neoseiulus californicus* adults.

Adult females (100 mites per replicate, 3 replicates) of *N*. *californicus* after 24 h of feeding on a 1-μL droplet of 10% (w/v) blue tracer dye (brilliant blue FCF). Scale bar: 100 μm.

(DOCX)

###### 

Click here for additional data file.
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